Auto- Adaptation to Packet Size on a Physical Medium 



Technical Field 

[0001] The present invention relates generally to the field of telecommunications, 
and, in particular, to auto-adaptation to packet size on a physical medium. 

Background 

[0002] Telecommunications networks use a variety of technologies to transmit 
signals between subscribers. These technologies include both analog and digital 
communications. One digital technology used to communicate signals in 
telecommunications networks is referred to as asynchronous transfer mode (ATM). 
ATM technology is a packet-based technology that transports data as payload in packets 
known as cells. 

[0003] Typically, ATM packets or cells are 53 bytes long, including overhead and 
payload. When user data exceeds the payload capacity of an ATM cell, the user data is 
divided into smaller portions and transported using multiple cells as is known in the art. 

[0004] A typical communication network includes a physical medium, e.g., copper 
wire, optical cable, wireless medium, or other appropriate physical medium, for 
transporting cells between ATM equipment. Conventionally, a transmission convergence 
(TC) layer is used to make the transition between the ATM-based equipment and the 
physical medium. For example, when receiving cells, the TC layer conventionally looks 
for a cell boundary and then counts a selected number of bytes (typically 53) and tests for 
another cell boundary. The TC layer then converts the received bytes into a cell for use 
by the ATM-based equipment. 

[0005] In some systems using ATM cells, it is desirable to transport additional 
information between ATM equipment connected over a physical link. This additional 
information is sometimes referred to as "out-of-band" information. It is desirable to be 
able to carry this information between the ATM-based equipment within the ATM cells. 
This out-of-band information is typically information that is not provided for in the 
standard ATM cell. Further, the size of such out-of-band data may change from time to 
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time. Unfortunately, a conventional TC layer is designed for a specific, usually standard, 
cell size. Thus, if an ATM product is updated to include the use of additional out-of-band 
information, the TC layer typically has to be redesigned to account for the new out-of- 
band information to be passed over the physical medium. 

[0006] Therefore, there is a need in the art for reducing the complexities associated 
with changing the size of packets in a packet-based communication system. 

Summary 

[0007] Embodiments of the present invention solve the problem above by providing a 
transmission convergence layer that detects changes in cell size and automatically adjusts 
to the statically varying size of packets or cells received on the physical medium. 
Advantageously, this allows for faster and less complicated field upgrades that change 
the amount of out-of-band signaling associated with non-standard cell sizes. 

[0008] In one embodiment, a method for automatically adapting to statically varying 
packet size is provided. The method includes receiving a stream of bytes over a physical 
medium. A packet size is determined from the bytes in the stream of bytes. Further, the 
determined packet size is used to process packets from the received byte stream. 

Brief Description of the Drawings 

[0009] Figure 1 is a block diagram of a packet-based communication system with a 
transmission convergence layer that automatically adjusts to static changes in the size of 
the packets. 

[0010] Figure 2 is a flow chart of a process for automatically adapting the size of 
packets in a transmission convergence layer. 

[0011] Figure 3 is a block diagram of an embodiment of a circuit for a transmission 
convergence layer that automatically adapts to a static change in the packet size of a 
communication system. 

[0012] Figure 4 is a flow chart of another process for automatically adapting the size 
of packets in a transmission convergence layer. 
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Detailed Description 

[0013] In the following detailed description, reference is made to the accompanying 
drawings that form a part hereof, and in which is shown by way of illustration specific 
illustrative embodiments in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the art to practice the invention, 
and it is to be understood that other embodiments may be utilized and that logical, 
mechanical and electrical changes may be made without departing from the spirit and 
scope of the present invention. The following detailed description is, therefore, not to be 
taken in a limiting sense. 

[0014] Embodiments of the present invention allow packet-based communications 
systems, such as asynchronous transfer mode (ATM) systems, to adapt to changes in the 
size of packets that pass through the system without requiring manual modification or 
reprogramming of the transmission convergence (TC) layer. Advantageously, the TC 
layer of these embodiments automatically adapts to packets of any appropriate size 
without prior knowledge of packet size. Once the TC layer adapts to the current packet 
size, the TC layer is able to interface between packet-based equipment and the physical 
layer. 

[0015] The TC layer adapts to changes from one fixed, static packet size to another 
fixed, static packet size when, for example, changes in the system are implemented. Such 
a change in packet size could be the result of a field upgrade to equipment. The TC layer 
detects the change and learns the new packet size. Once learned, the TC layer is able to 
act as an interface between the packet-based equipment and the physical layer. 

[0016] In these embodiments, the packet size is said to be "statically varying" 
because the size of the packets is able to change ("varying") but stays the same 
("statically") for a long enough time for useful information to be transmitted over the 
system. In this way, system upgrades that introduce or change out of band signaling are 
accomplished without any changes or modifications to the TC layer. 

[0017] For purposes of this specification, the term packet is used to refer to a block of 
data that is transmitted as a unit in a communication system. Although the embodiments 
described below relate to ATM systems, the term packet as used in this specification is 
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not limited to ATM cells. The term includes other appropriate existing or later-developed 
packet-based technologies. 

[0018] Figure 1 is a block diagram of an embodiment of a system, indicated generally 
at 100, with automatic adaptation to packet size in transmission convergence layers 108 
and 110 according to the teachings of the present invention. Advantageously, system 100 
automatically adapts to static changes in packet size to allow transmission of packets of 
varying size to be transmitted over a physical medium without requiring time consuming 
modification of the transmission convergence (TC) layer. 

[0019] System 1 00 allows for communication between packet-based equipment, e.g., 
packet-based equipment 102 and 104, over a physical medium 106. In one embodiment, 
packet-based equipment 102 and 104 each comprise ATM-based communication 
equipment. Physical medium 106 comprises any one of copper wire, fiber optic cable, 
wireless medium or other appropriate physical medium for transmitting signals between 
packet-based equipment. Transmission convergence layers 108 and 1 10 provide the 
interface between packet-based equipment 102, 104, respectively, and physical medium 
106. 

[0020] In operation, system 100 transports packets of statically varying size between 
packet-based equipment 102 and 104 over physical medium 106. Transmission 
convergence layers 108 and 1 10 adapt to the size of packets received over physical 
medium 106. This adaptation is done on a static basis. In one embodiment, the TC 
layers 108 and 110 look for a specified number of packets in a row with the same size, 
e.g., the same number of bytes. When detected, the TC layer enters a synchronous state 
and uses the identified packet size in processing further packets. During the synchronous 
state, the TC layers monitor packets for changes in the packet size. When enough 
packets of a different size are received, the TC layer exits the synchronous state and 
attempts to resynchronize to a new, static packet size. 

[0021] To illustrate the process for adapting to a new cell size, an example is given 
with respect to TC layer 108 using a process shown in Figure 2. TC layer 108 receives a 
stream of bytes over physical medium 106. This stream of bytes includes packets of a 
static, unknown size. First, TC layer 108 identifies an expected packet size at block 200. 
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In one embodiment, TC layer 108 determines the packet size by identifying two 
consecutive cell boundaries in a stream of ATM data packets. In one embodiment, the 
cell boundaries are identified by calculating a header error check (HEC) code on a 
consecutive number of bytes and comparing the value with a subsequent byte in the data 
stream. When the calculated HEC value is the same as the subsequent byte in the data 
stream, a boundary may have been identified. The separation of two cell boundaries 
establishes a potential cell size. 

[0022] Next, at block 204, the method proceeds to identify N additional packets of 
the same size using the calculated, expected packet size. In one embodiment, the method 
looks for eight additional cell boundaries that correspond to eight ATM cells of the 
expected size. When the N consecutive packets match the expected packet size identified 
above, the method enters a synchronous or sync state at block 206 in which the TC layer 
is synchronized to the correct packet size for the stream of data transmitted over the 
physical medium 106. At this point, the method proceeds to process additional bytes in 
the data stream. 

[0023] The method further determines when the TC layer receives enough packets of 
the wrong size so that synchronization of the TC layer with the correct packet size is lost. 
At block 208, the method monitors the size of packets in the data stream during the 
synchronous state. When the size of M packets received in the synchronous state varies 
from the expected packet size as determined at block 210, the TC layer 108 exits the 
synchronous state at block 212. The TC layer further returns to block 200 to re- 
synchronize to the packet size being received over the physical medium. 

[0024] Figure 3 is a block diagram of an embodiment of a circuit, indicated generally 
at 300, for a transmission convergence layer that automatically adapts to a static change 
in the packet size of a communication system. Circuit 300 adapts the operation of the 
transmission convergence layer to the size of packets in a data stream received at input 
302. Circuit 300 includes three main components: boundary detection circuitry 304, 
packet size calculator 312, and synchronization circuit 316. Each of these components is 
described in detail below. 
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[0025] Boundary detection circuitry 304 continuously monitors the data stream at 
input 302 to identify possible boundaries between consecutive packets. Boundary 
detection circuitry 304 includes shift register 306, calculation logic 308, and comparator 
3 1 0. Shift register 306 is coupled to receive the incoming data stream. In one 
embodiment, shift register 306 is sized to receive a number of bytes equal to the number 
of bytes in the header of the packets. For example, in an embodiment using ATM cells, 
shift register 306 is a four byte shift register corresponding to the four bytes of the ATM 
cell header excluding the header error check code (HEC) byte. Calculation logic 308 is 
coupled to shift register 306. Calculation logic 308 performs a calculation on the data 
stored in shift register 306 to identify a cell boundary. In one embodiment, calculation 
logic 308 comprises circuitry that calculates a HEC code based on four bytes of the 
incoming data stream stored in shift register 306. Further, comparator 3 10 is coupled to 
the output of calculation logic 308 and the incoming data stream input 302. Comparator 
310 compares the output of calculation logic 308 with the next byte in the data stream. 
When the two values provided to comparator 3 1 0 are equal, the boundary detection 
circuitry 304 has identified a boundary since the calculated HEC value from calculation 
logic 308 equals the received HEC value (the byte following the four bytes stored in the 
shift register 306.) The comparator 310 provides a logic output signal, labeled "NEXT 
BOUNDARY," indicating whether a boundary between two packets has been identified. 
When the output of logic 308 is equal to the next value in the data stream, the boundary 
detection circuit provides a logic high output indicating that a boundary has been 
identified. The boundary detection circuitry 304 constantly monitors the incoming data 
stream to identify possible boundaries between packets. 

[0026] Packet size calculator 312 determines the size of the packets for the TC layer 
based on two consecutive boundaries identified by boundary detection circuitry 304. 
Packet size calculator 3 1 2 includes byte counter 318. Byte counter 3 1 8 is incremented 
with each byte of data received at input 302. Thus, byte counter 318 identifies the 
number of bytes received since the last boundary was identified. When the next 
boundary is identified, the value in byte counter 3 1 8 indicates the number of bytes in the 
current packet. The value in byte counter 3 1 8 is reset with each identified boundary. 
Further, packet size calculator 312 includes byte count store 320, e.g., a register. Byte 
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count store 320 is loaded with the value in byte counter 3 1 8 after the first two 
consecutive packet boundaries are identified. 

[0027] This value stored in byte count store 320 is used by synchronization circuit 
3 1 6 to determine whether subsequent boundaries detected by boundary detection circuitry 
304 occur with the expected interval. Packet size calculator 3 1 2 also includes comparator 
322. Comparator 322 compares the value in byte count store 320 (the expected cell size) 
with the value in byte counter 318 (the number of bytes since the last boundary). 
Comparator 322 provides a signal "EXPECTED BOUNDARY" to synchronization 
circuit 316 that indicates that a boundary is expected. If the two values received at 
comparator 322 are equal, the EXPECTED BOUNDARY signal is a high logic level. 
Otherwise, EXPECTED BOUNDARY is a low logic value. 

[0028] Synchronization circuit 3 1 6 is the final component of circuit 300. 
Synchronization circuit 316 includes a logic circuit 324 that is coupled to receive both the 
NEXT BOUNDARY signal from boundary detection circuitry 304 and the EXPECTED 
BOUNDARY signal from packet size calculator 312. Logic circuit 324 provides output 
signals to two counters: good boundary counter 326 and bad boundary counter 328. 
Good boundary counter 326 is used to count the number of consecutive good packet 
boundaries that are identified once the packet size is determined by packet size calculator 
312. A good packet boundary corresponds to the NEXT BOUNDARY and EXPECTED 
BOUNDARY signals simultaneously providing high logic levels to logic circuit 324. 
The value in good boundary counter 326 is provided to comparator 330. Comparator 330 
also receives an input indicating the number, N, of consecutive packet boundaries 
required to enter into a synchronous state. When good boundary counter 326 indicates 
that N consecutive boundaries have lined up with expectations, synchronization circuit 
316 enters the synchronous state and the good boundary counter 326 ceases to increment. 

[0029] Once in the synchronous state, synchronization circuit 316 monitors further 
data in the data stream to determine if synchronization is lost, e.g., to determine when the 
packet size is changed. Synchronization circuit 316 uses bad boundary counter 328 to 
determine loss of synchronization. When entering the synchronous state, comparator 330 
enables bad boundary counter 328. Bad boundary counter 328 counts the times that a cell 



ATTORNEY DOCKET NO. 100.401US01 7 



boundary did not occur with the expected interval. This is determined based on the 
signals NEXT BOUNDARY and EXPECTED BOUNDARY not indicating a boundary 
the expected number of bytes after the last boundary was found. Bad boundary counter is 
enabled to increment only at the time of the expected boundary. Bad boundary counter 
328 provides the number of consecutive missed boundaries to comparator 332. When M 
consecutive boundaries are missed, the comparator 332 resets good boundary counter 
326. This places circuit 300 back into an unsynchronized state. In this state, comparator 
334 provides a signal to byte count store 320 to allow a new value to be stored so that the 
circuit 300 can synchronize to a new packet size. 

[0030] In operation, circuit 300 synchronizes to a packet size for a communication 
link with a statically varying packet size. Boundary detection circuitry 304 monitors a 
stream of packets to identify boundaries between packets. When in an unsynchronized 
state, packet size calculator 312 determines the expected size of the packets based on two 
initial boundaries identified by boundary detection circuitry 304. Once the expected size 
is determined, synchronization circuit 316 counts the number of boundaries that match 
the expected interval between boundaries using good boundary counter 326. When this 
count reaches a defined level, N, e.g., 8 boundaries, the synchronization circuit 316 enters 
a synchronized state in which the static size of the cells is known. In this state, the 
synchronization circuit monitors the boundaries between cells. When a cell boundary 
does not occur at the expected time, a bad boundary counter 328 is incremented. If M 
sequential, e.g., 7, packet boundaries fail to occur at the right time, the synchronization 
circuit 316 goes out of its synchronized state. This allows the packet size calculator to 
recalculate the size of packets since the size may have changed due to a system upgrade. 
Once calculated, the process of synchronizing proceeds again as described above. 

[0031] Figure 4 is a flow chart of another process for automatically adapting the size 
of cells in a transmission convergence layer according to the teachings of the present 
invention. The process begins at block 400 and identifies a first cell boundary. In one 
embodiment, the process calculates a header error check (HEC) value based on a number 
of consecutive bytes received in a stream of packets. The process further compares the 
calculated HEC value with the next byte of the data stream to determine whether a cell 
boundary has been identified. Essentially, this process identifies the boundary because 
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the bytes used to calculate the HEC value and the byte that matched the calculated HEC 
value are determined to be a header of a packet. 

[0032] The method proceeds to identify the next cell boundary. At block 402, the 
process receives the next byte. At block 404 the process determines whether the byte 
occurs at a cell boundary. Again, the HEC value is used in one embodiment to identify 
the cell boundary. If the byte does not correspond to a boundary, then the process 
proceeds to block 406 and increments a byte counter. The byte counter is used to 
determine the cell size. Through this loop, each time a byte is received that is not the 
next boundary, this counter is incremented. Thus, when the next boundary is identified, 
the counter reflects a value related to the size of the cells or packets being received over 
the physical medium. 

[0033] Block 408 limits the allowable cell size to a practical level. For example, cell 
size can be limited to less than 65 bytes. This provides up to 13 bytes for transmission of 
out-of-band information. At block 408, the process determines whether the byte counter 
has exceeded a selected level. If so, the process returns to block 400 and restarts the 
process for determining the cell size by looking for the next boundary. If the selected 
level has not been exceeded, the process returns to block 402 and receives the next byte. 
By limiting the cell size to a selected level, the process is able to restart more quickly if a 
boundary is missed at block 404. 

[0034] At block 410, the process begins to verify the identified cell size. The process 
first determines whether the next boundary occurs at the expected location. If so, the 
process increments a sync counter. At block 414, the process determines whether the 
sync counter has reached a target level. If not, then the process returns to block 410 to 
identify the next expected boundary location. At block 410, if the process determines 
that a boundary did not occur at the expected location in the data stream, the process 
returns to block 400. Once the target number of consecutive boundaries (e.g., cells) has 
been successfully received, e.g., all cells of the same, expected size, the method proceeds 
to block 416 to process cells received over the physical layer. During this processing, the 
TC layer is declared to be in a sync state. Thus, cells are expected to be of the size 
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identified by the process. If, however, any cells violate this expectation, corrective action 
may need to be taken. 

[0035] At block 41 8, the method determines if there has been a boundary error, e.g., a 
boundary did not occur at the point expected based on the derived packet size. If there 
has been a boundary error, e.g., a cell of a different size than expected, the method 
proceeds to block 420 and increments an error counter. At block 422 the process 
determines whether the error counter has reached a target level. If so, the method restarts 
the process of identifying the cell size. If not, the method returns to block 416 to receive 
and process additional bytes using the same identified cell size. If at block 41 8, the 
process determines that the there was no boundary error, the method proceeds to reset the 
error counter at block 424 and returns to block 416 and processes additional bytes. 

[0036] The methods and techniques described here may be implemented in digital 
electronic circuitry, or with a programmable processor (for example, a special-purpose 
processor or a general-purpose processor such as a computer) firmware, software, or in 
combinations of them. Apparatus embodying these techniques may include appropriate 
input and output devices, a programmable processor, and a storage medium tangibly 
embodying program instructions for execution by the programmable processor. A 
process embodying these techniques may be performed by a programmable processor 
executing a program of instructions stored on a machine readable medium to perform 
desired functions by operating on input data and generating appropriate output. The 
techniques may advantageously be implemented in one or more programs that are 
executable on a programmable system including at least one programmable processor 
coupled to receive data and instructions from, and to transmit data and instructions to, a 
data storage system, at least one input device, and at least one output device. Generally, a 
processor will receive instructions and data from a read-only memory and/or a random 
access memory. Storage devices or machine readable medium suitable for tangibly 
embodying computer program instructions and data include all forms of non-volatile 
memory, including by way of example semiconductor memory devices, such as EPROM, 
EEPROM, and flash memory devices; magnetic disks such as internal hard disks and 
removable disks; magneto-optical disks; and DVD disks. Any of the foregoing may be 
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supplemented by, or incorporated in, specially-designed application-specific integrated 
circuits (ASICs). 

[0037] A number of embodiments of the invention defined by the following claims 
have been described. Nevertheless, it will be understood that various modifications to the 
described embodiments may be made without departing from the spirit and scope of the 
claimed invention. Accordingly, other embodiments are within the scope of the 
following claims. 
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